In this paper we investigate the phenomenology of the electron flavored Dirac dark matter with two types of portal interactions. We analyze constraints from the electron magnetic moment anomaly, LHC searches of singly charged scalar, dark matter relic abundance as well as direct and indirect detections. Our study shows that the available parameter space is quite constrained, but there are parameter space that is compatible with the current data. We further show that the DAMPE cosmic ray electron excess, which indicates cosmic ray excess at around 1.5 TeV, can be interpreted as the annihilation of dark matter into electron positron pairs in this model.
I. INTRODUCTION
About 80% of the mater in our Universe is made of dark matter (DM). Among many different DM scenarios, Weakly Interacting Massive Particle (WIMP) remains to be an interesting candidate since it has a strong connection with physics beyond Standard Model at the TeV scale and can be probed through both direct and indirect detections. There has been several indirect DM searches [1] [2] [3] which indicate a possible excess for the electron positron cosmic ray spectrum in the 100 GeV ∼ TeV energy region. Most recently the DM Particle Explorer (DAMPE) has reported their first result [4] , which observes an excess in the electron positron cosmic ray spectrum up to several TeV. For possible theoretical interpretations, see Refs [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] for detail. This experiment has several good features in terms of probing the electron positron cosmic ray spectrum. 1): it has a good energy resolution in the high energy region (< 1.2% for E > 100 GeV), therefore can be used to detect the line or sharp structure of the particle spectrum in the future. 2): The large detector can have a high statistics. 3): It measures both the low and high energy electron positron cosmic ray spectrum. The first feature is interesting since it can be used to probe possible line or sharp structure of the particle spectrum, which give us much more information and has important implications on possible dark matter interpretations [19] .
While there has been various studies of dark matter annihilating or decaying into leptons, here we consider a novel class of dark matter which we call "electron flavored dark matter". In this case, the dark matter carries the electron number and annihilate into electron pairs through the t-channel mediator which could result a possible sharp structure in the electron positron cosmic ray spectrum. We study various constraints such as the electromagnetic properties of the dark matter, fitting the electron magnetic moment, collider phenomenology, dark matter relic abundance and direct detections. More importantly we systematically investigate constraints from indirect DM searches, such as AMS-02 [1] , IceCube [20] and CMB [21] . Interestingly, combing all constraints together, we show that the electron-flavored DM can address the DAMPE cosmic ray excess without conflicting with any current constraints.
The remaining of the paper is organized as follows: In section II we introduce the model in detail. Section III is focused on the constraints of electron magnetic moment and colliders. In section IV and V we study their implication on DM relic abundance as well as direct and indirect DM searches. The last part is the concluding remarks.
II. MODEL
We consider a Dirac DM ψ which couples to the electron via portal interactions of two types consistent with EW symmetry. For the first type, ψ couples to the first generation lepton SU(2) doublet l 1 L with the interaction Model I :
where
is an inert scalar doublet and Φ = iσ 2 Φ * . The model has a Z 2 symmetry in which new particles are odd while all SM particles are even. The coupling of ψ with other lepton doublets can be forbidden by another Z 2 symmetry in which ψ and 1 L are odd while all other particles are even. Note the mass of ψ needs to be smaller than the neutral and charged scalars so as to be stable DM candidate. For this scenario, the DM can annihilate to e + e − andν e ν e via t-channel exchanges of charged scalars or neutral scalars shown in Fig. 1 .
For the second type model, the DM is coupled to the electroweak singlet e R via Model II :
where S + is a singly charged scalar singlet. In this case, the DM annihilates only into e charged scalar, corresponding to the left panel of Fig. 1 . The discrete flavor symmetry is the same as these in Model I. For the benefit of the direct detection, one needs to calculate the electromagnetic form factors of the DM, which arise at one loop level from the relevant Feynman diagrams shown in fig. 2 . These diagrams generate the following effective DMphoton effective interactions [22] :
where b ψ is the DM charge radius, c ψ is the axial charge radius or anapole moment and µ ψ is the magnetic moment. For both models, the results can be summarized by a uniform set of formulae [22] :
e and the index "i" denotes the charged scalar in each model. Since m e is much smaller than the momentum transfer |q 2 | ≈ 50MeV, the infrared divergence as m e → 0 is cut-off by the momentum transfer [23] . Therefore we replace m e by 50MeV in the numerical calculation.
III. CONSTRAINTS
Similar to other lepton flavored DM scenarios, the electron DM couplings here face constraints from precision measurement of the electron magnetic dipole moment(MDM) as well as searches at the colliders.
The 2017 PDG tabulates the measured eMDM anomaly as (1159.65218091±0.00000026)×10 −6 where the uncertainty is only 10 −10 of the central value [24] , constituting one of the most precisely measured physical constants. At one-loop, the modification of eMDM anomaly is by fixing m i = 2TeV. As is clear from these figures, δa e is much smaller than current experimental un-certaintity and eMDM imposes no severe constraint on the couplings κ 1 for model I and κ 2 for model II.
Notice that when both types of portal interactions are included in the model, there will be mixing between the two charged scalars. The δa e will receive additional contributions that is enhanced by m i /m e and it leads to a much more stringent constraint on κ 1 or κ 2 . In this case, an O(1) magnitude of κ 1 or κ 2 can only be obtained for very small or maximal mixing angles [22] .
The collider constraints mainly come from the search of a charged scalar. In LHC, the search for the production of a singly charged scalar is always associated with the production of a top quark which is motivated by the two Higgs doublet models. However, in our model the charged scalars only couple to leptons, so the search for production of a singly charged scalar puts no constraint on our model. The other possibility is to search for the production of a pair of charged scalars which decay to two opposite sign electrons and missing transverse energy. This kind of signature is the same as the search for the pair production of the sleptons, which susbquently decay to SM leptons and neutralino. Current constraint [25, 26] on the mass of slepton is around 200 GeV, while in our model, we focus on a charged scalar much heavier. So this constraint can be satisified. As an illustration, we calculate the production cross-section of a pair of charged scalars at 13 TeV at LHC and 100 TeV at pp collider for the mass of charged scalar ranging from 1 TeV to 3 TeV using Madgraph [27] and show the plot in Fig. 4 . One can observe that even if with 100 fb −1 luminosity, the expected number of event at the 13 TeV LHC is less than 1 for the charge scalar mass larger than 1.5 TeV.
IV. RELIC DENSITY AND DIRECT DETECTION
The relic density of the DM has been precisely measured by Planck from a fit of the CMB anisotropies predicted by the ΛCDM model with the observed data, giving 0.1199 ± 0.0022 [21] . In the freezing-out picture, the relic density of the DM is determined from the Boltzmann equation of the DM number density n [28] ,
where H is the Hubble constant, σv M/ oller is the total annihilation cross section multiplied by the M/ oller velocity:
1/2 , the brackets denote thermal average and n EQ is the number density in thermal equilibrium. For both models, the results of σv with the non-relativistic expansion σv = a + b v 2 in the lab frame can be written in the same form [22] :
With this result, the relic abundance of the DM is thus given in terms of the dimensionless fraction of the critical energy density of the universe:
where M pl is the Planck mass, x F = m DM /T F with T F the freezing out temperature of the DM and g * is the degrees of freedom at T F . As mentioned earlier, for model I both channels, namely ψψ → e + e − and ψψ → ν eνe , contribute and the summation is over Φ + , ρ and η, where ζ Φ + = κ and ζ ρ = ζ η = √ 2κ 2 1 . On the other hand, for model II, only the channel ψψ → e + e − is present, so that the factor ζ S + = κ 2 2 . Note when there is mixing between the charged scalars, there is an additional contribution with the multiplication factor (κ Direct detection experiments in deep underground laboratories measure the nuclear recoils of the nuclei from elastic scattering of the DM particle with nucleus. Null search signal in such experiment puts upper limit on the spin-dependent and spin-independent cross sections of nucleon scattering off the DM as a function of the DM mass. Especially, recent years it has witnessed great improvements of such limits made by the PandaX-II [29] , Xenon1T [30] and LUX [31] experiments. In the present context, the lepton flavored DM interacts with nucleons as the DM possesses non-trivial electromagnetic form factors induced from diagrams shown in Fig. 2 .
These interactions in Eq. 3 translate, at the nucleon level, into the following effective Lagrangian [32] [33] [34] ,
where q µ is the momentum transfer from nucleon to DM, K µ is the summation of momenta of incoming and outgoing nucleons. The Wilson coefficients above are given by where Q N is the charge of the nucleon, µ ψ and b ψ are the magnetic moment and charge radius of the DM respectively, Moreoverμ N is the nucleon magnetic moment:μ p ≈ 2.80 andμ n ≈ −1.91. Finally f h ψ is the effective DM-Higgs coupling and is generally negligible relative to other contributions.
Quite different from the standard spin-independent and spin-dependent description of the DM-nucleon interactions, above electromagnetic form factors of the DM induces distinctivly new nuclear responses. This is described in the EFT framework [35] [36] [37] and is implemented in the public code [38] which we use in our numerical analysis. The resulting excluded region by LUX [31] is shown in Fig. 5 for both model I and model II. The difference between these two is not so noticeable since it is the magnetic moment(µ ψ ) and charge radius(b ψ ) terms in Eq. 4 that make the dominant contribution, which have the same dependence on the charged scalar mass and coupling.
V. INDIRECT DETECTIONS
DM detectors in space search for anomalous fluxes of cosmic rays, positrons or antiprotons above the astrophysical background and infer the existence of the DM particle indirectly. A review of the current status of indirect detections is given in Ref. [39] . In particular the AMS-02 in the e + e − channel have put constraint on σv e + e − for DM up to 300GeV [40] . This is shown as the pink region in Fig. 5 . On the other hand, the annihilation of DM into charged final states such as e + e − , in the dark ages after the last scattering of photons, changes the standard reionization of the universe and affects the observed CMB anisotropies. This is used to help Planck put an upper limit on f eff σv [21] , where f eff is an efficiency factor of ionization [41] [42] [43] . The resulting exclusion regions from σv e + e − by CMB is shown as light-blue regions in Fig. 5 . Furthermore, IceCube have put an upper limit on σv νν [20] , which constrains model I. This constraint is shown as the cyan region in the left panel of Fig. 5 for model I. For model II, it is free from this limit. It can be seen from Fig. 5 that a significant proportion of the region in κ 1 − m ψ for model I and κ 2 − m ψ for model II are free from above indirect detection constraint as well as the LUX exclusion limit. Therefore both the electron flavored DM scenarios can have the right relic density over a wide range of DM mass.
Finally, we comment on the recent DAMPE result. From a fit to the DAMPE data points [18] , it is found that for ψψ → e + e − , the DM parameter space is favored for a mass around 1.5 TeV with 10 −26 cm 3 s −1 σv e + e − 10 −24 cm 3 s −1 . This requirement can be translated to the constraints of the model parameters, such as coupling κ 1 or κ 2 . For 1400GeV < m ψ < 1600GeV, this appears as a region and is shown in Fig. 5 as the brown region for model I (left) and model II (right) respectively. For this "DAMPLE Favored" region, the vertical solid line in the center denotes m ψ = 1.5TeV while the two dashed lines are for 1.5TeV ± 50GeV. From this figure, it is clear that this "DAMPE Favored" region overlaps the relic density contour at κ 1 ≈ 1.5 for model I and κ 2 ≈ 1.7 for model II, both of which are allowed by other indirect detection and direct detection constraints. We conclude that both model I and model II of the electron flavored DM scenarios discussed in this work are capable to explain the DAMPE excess through DM annihilation. Future accumulation of the data points by DAMPE will give us more information on this region.
VI. SUMMARY
In this work, we studied the electron-flavored DM which is realized in two models: model I and model II with different portal interactions with left-handed and right-handed electrons. We explored in detail the phenomenology of DM annihilations, DM direct detections and indirect detections as well as constraint from electron magnetic dipole moment. We found that both of the electron flavored DM scenarios considered here have a wide range of parameter space that is compatible with the current data. The most recent DAMPE excess could be interpreted as the DM annihilations in both scenarios with the DM mass around 1. 
